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PELTIER CONTROL CIRCUIT AND A 
PELTIER DEVICE STRUCTURE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a Peltier device and a 
control circuit thereof, and more particularly to the structure 
of a Peltier device for ?xing an operating temperature of a 
semiconductor laser and a temperature control of the Peltier 
device. 

2. Description of the Related Art 
Presently, in order to fix a temperature of a laser diode 

(LD) device, a Peltier device is used in a laser diode module 
for high speed optical communication, e.g., 2.4 G bit/sec, 
etc. 

For example, a laser diode that emits a light beam is 
mounted on the top of a Peltier device, and the Peltier device 
performs a heating or cooling operation so as to ?x the 
operating temperature of the laser diode. 
A Peltier device has a plurality of vP-type semiconductor 

devices and N-type semiconductor devices that are alter 
nately arranged in relation to each other. The top-portions of 
the P-type and N-type semiconductor devices are combined 
with a ceramic cooling plane, and the bottom portions 
thereof are combined with a ceramic radiating plane. 

In the cooling plane, a current output from a DC (direct 
current) power supply ?ows from the N-type semiconductor 
devices to the P-type semiconductor devices. Considering 
the above current ?ow as a ?ow of electrons, electrons ?ow 
from a P-type lower energy level to a N-type higher energy 
level. 

Consequently, the temperature at places combining the 
top portions of the P-type and N-type semiconductor devices 
with the cooling plane decreases by absorbing the surround' 
ing thermal energy and thereby a temperature of the cooling 
plane decreases. 

Conversely, in the radiating plane, the current ?ows from 
the P-type semiconductor devices to the N-type semicon— 
ductor devices. Thus, the radiating plane is heated up by 
effects opposed to the above-mentioned. 

As described above, a heating operation or cooling opera 
tion by a Peltier device can be controlled by varying a 
quantity of current ?owing therethrough or altering the 
direction of the current. A Peltier control circuit controls a 
quantity or the direction of a current ?owing through a 
Peltier device by detecting the temperature of a device, for 
example a laser diode in this example, combined with the 
Peltier device so that the temperature of the device is kept 
constant. 

A conventional Peltier control circuit has a push‘pull type 
driving circuit consisting of two pairs of transistors, 
arranged in a Darlington con?guration. The driving circuit 
heats a Peltier device by outputting a current thereto. Con 
versely, the driving circuit cools a Peltier device by inputting 
current. Also, in order to prevent an over-current that could 
destroy a Peltier device or cause thermal runaway, the 
driving circuit has a current limiting circuit that limits a 
quantity of a current ?owing through a Peltier device by 
limiting a base current applied to the output transistors. 
conventionally, a resistor is used for the current limiting 
circuit. In order to prevent such thermal runaway, etc, the 
driving circuit has a dead Zone in which the output transis 
tors are turned OFF close to an alternating point between 
heating and cooling operations. 
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2 
The control of alternation between heating and cooling 

operations is performed by comparing a voltage detected by 
a temperature sensor, which measures the operating tem 
perature of a Peltier device, with a reference voltage a value 
of which is set within the dead zone. Therefore, in this case, 
it is impossible to control a temperature of a Peltier device 
when the voltage detected by the temperature sensor is 
within the dead Zone. 

The range of a dead zone is determined by the charac 
teristics of a transistor (V BE). Therefore, in the prior art there 
is a problem in that the difference in temperature between a 
sensing temperature and a control temperature occurs within 
a dead zone. Further, there is another problem in that the 
circuit loop stability for feedback control of the temperature 
of a Peltier device decreases in the dead zone due to the 
repetition between heating and cooling operations so that a 
loop oscillation may be caused. 

Also, there is a problem in that when narrowing the dead 
zone by making the value of the current limiting resistor 
small, a loop oscillation alternately repeating between heat 
ing and cooling operations is more likely, and further, an 
over-current ?ows when supplying power. 

Further, there is a problem in that an oscillation phenom 
ena that is different from the above circuit loop oscillation 
occurs due to a structural factor of a conventional Peltier 
device. Namely, the combination of inductive elements of 
lead wires connected to an input and output of a laser diode 
and a capacitive element due to the structure of a Peltier 
device as described above, produces a resonant frequency 
point. 

Therefore, conventionally, when using a laser diode mod 
ule for high-speed optical communication, e.g., 2.4 G bit/ 
sec, etc., there is a problem in that the prescribed oscillation 
phenomena occurs in the frequency range of optical com 
munication. 

SUMMARY OF THE INVENTION 

To solve the above problems, the object of the present 
invention is to provide a Peltier control circuit that has a 
current limiting circuit with predetermined temperature 
characteristics by which the limitation of a current ?owing 
through a Peltier device reaches a maximum value near 
room temperature. Thereby, a current applied to a Peltier 
device for heating and cooling operations is greatly limited 
or reduced near room temperature. 

Also, the object of the present invention is to provide a 
Peltier control circuit that enables ?ne temperature control 
of a Peltier device near room temperature by reducing the 
di?erence between starting temperatures of heating and 
cooling operations. 

Further, the object of the present invention is to provide 
a Peltier device that reduces or eliminates a stray-capacitive 
element due to the structure of a Peltier device so as to 
prevent an oscillation phenomena of an output so that the 
Peltier device can be applied to a laser diode module for high 
speed optical communication. 

According to the present invention, there is provided a 
Peltier control circuit that detects the temperature of a device 
combined with a Peltier device and controls a current 
?owing through the Peltier device in accordance _with a 
detected temperature so as to keep the temperature of the 
device at a predetermined value. The circuit has a tempera 
ture sensing section for detecting temperature of a device; a 
comparing section for comparing a temperature detection 
value detected by the temperature sensing section with a 
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predetermined temperature reference value; a limiting sec 
tion for providing a comparison output from the comparing 
section with the limitation of a current flowing through the 
Peltier device and providing the prescribed limitation of the 
current with predetemiined temperature characteristics; and 
a driving section for providing the Peltier device with an 
input or output driving current in accordance with the 
comparison output via the limiting section. 
The limiting section limits the input or output driving 

current in accordance with a variation in ambient tempera 
ture so as to compress a region of a temperature dead zone 
in which the input and output driving currents-alternate with 
each other. The limiting section limits die output driving 
current by providing the comparison output from the com 
paring section to the driving section via a resistor having a 
positive temperature coefficient, and limits the input driving 
current by providing the comparison output from the com 
paring section to the driving section via a resistor having a 
negative temperature coefficient. 
The resistor having a positive temperature coe?icient is 

serially connected to a posistor and the resistor having a 
negative temperature coefficient is serially connected to a 
thermistor. 
The comparing section includes a comparator for com 

paring a temperature detection voltage from the temperature 
sensing section with a predetermined reference voltage. 

Also, according to the present invention, the comparing 
section includes a ?rst comparator for comparing a tempera 
ture detection voltage from the temperature sensing section 
with a ?rst reference voltage corresponding to a starting 
point for driving the output driving current and a second 
comparator for comparing a temperature detection voltage 
from the temperature sensing section with a second refer 
ence voltage corresponding to a starting point for driving the 
input driving current. 

The difference between the ?rst reference voltage and the 
second reference voltage is used to compress or expand a 
region of a temperature dead zone in which the input driving 
current alternates with the output driving current. 

The limiting section limits the output driving current by 
providing a comparison output from the ?rst comparator to 
the driving section via a resistor having a positive tempera 
ture coefficient, and limits the input driving current by 
providing a comparison output from the second comparator 
to the driving section via a resistor having a negative 
temperature coefficient. 

Further, according to the present invention, there is pro 
vided a Peltier device having a cooling plane, a radiating 
plane and a plurality of Peltier elements made of semicon 
ductor that are sandwiched between the cooling and radiat 
ing planes, the device is characterized by electrically com 
bining the cooling plane with the radiating plane so as to 
eliminate a stray-capacitive element between the cooling 
and radiating planes. The electrical combination between the 
cooling and radiating planes is provided by coating at least 
one of the Peltier elements with metal. At least one of the 
Peltier elements is coated with metal so as to have the 
structure of the Peltier device durable. 

According to the present invention, it is possible to reduce 
the difference between the operating temperature of a heat 
ing or cooling operation and a sensor temperature thereof by 
having starting points of the heating and cooling operations 
close to each other. The limiting section has temperature 
characteristics which provide the greatest limitation of a 
current flowing through the Peltier device at room tempera 
ture. Thereby, it is possible to largely limit a current ?owing 
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4 
through the Peltier device near room temperature at which a 
circuit loop becomes unstable by e.g., circuit loop oscilla 
tion, etc. In this case, a current scarcely flows through the 
Peltier device even if alternating between heating and cool 
ing operations. Therefore, even if a circuit loop oscillation 
occurs, since a driving current applied to the Peltier device 
is very small and thereby the Peltier device cannot effec 
tively perform heating and cooling operations, the circuit 
loop is totally stable. Also, for the same reasons, when 
supplying power at which a circuit loop is unstable, the 
excess current does not ?ow trough the Peltier device. 

Further, according to the present invention, it is possible 
to reduce or eliminate a stray-capacitive element due to the 
structure of the Peltier device. Thereby, a resonant point 
caused by a capacitive element due to the structure of the 
Peltier device and an inductive element due to a lead line of 
the laser diode mounted on the cooling plane disappears or 
is moved out of a used bandwidth. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more clearly understood 
from the description as set forth below with reference to the 
accompanying drawings. 

FIG. 1(A) is a top view of a laser diode module for high 
speed optical communication. 

FIG. 1(B) is a side view of a laser diode module for high 
speed optical communication. 

FIG. 2 is a perspective view of the conventional structure 
of a Peltier device used in a laser diode module. 

FIG. 3 is an explanatory view for explaining the operation 
of a thermoelectric heat pump due to the structure of a 
Peltier device. 

FIG. 4 is a circuit diagram showing an example of a 
conventional Peltier control circuit. 

FIG. 5 is an explanatory view of a temperature dead zone 
in the conventional Peltier control circuit. 

FIG. 6 is an equivalent circuit diagram corresponding to 
a wire bounding portion of a laser diode. 

FIG. 7 is a diagram showing an example of frequency 
characteristics of an optical output power output from a laser 
diode module. 

FIG. 8 is a circuit diagram showing the ?rst preferred 
embodiment of a Peltier control circuit according to the 
present invention. 

FIG. 9 is a block diagram showing an example of a 
resistor having a positive temperature coefiicient that is used 
as a limiting circuit. 

FIG. 10 is a block diagram showing an example of a 
resistor having a negative temperature coefficient that is 
used as another limiting circuit. 

FIG. 11 is a diagram showing an example oftemperature 
resistance characteristics of limiting circuits shown in FIGS. 
9 and 10. 

FIG. 12 is a diagram showing an example of ambient 
temperature-Peltier control current characteristics of a 
Peltier control circuit shown in FIG. 8. 

FIG. 13 is a diagram showing an example of ambient 
temperature-sensor temperature characteristics of a Peltier 
control circuit shown in FIG. 8. 

FIG. 14 is a circuit diagram showing the second preferred 
embodiment of a Peltier control circuit according to the 
present invention. 










